Agricultural usability of urban and industrial wastes was investigated in 2004 -2006 in a pot experiment carried out in the vegetation hall. In the first year of the experiment maize was the test plant, oat grass in the second and oat in the third. The experimental design comprised 11 treatments differing with fertilizer and the kind of the supplied fertilizer components. The experiment used: mineral salts, farmyard manure, compost, municipal sewage sludge and industrial sewage sludge in two fertilizer doses. Metal concentrations in the test plants were diminishing in the following direction: oat grass > maize > oat. The lowest concentrations of the analyzed heavy metals were assessed in the plants fertilized with farmyard manure and compost (Zn, Cu). Among the tested plants the highest quantities of Zn, Cu, Ni, Pb and Cd were removed with the yield of the oat grass, then maize and oat. The highest uptake of Zn, Cu, Ni and Pb by plants was registered on a double dose of industrial sludge and Cd on a single dose of municipal sludge.
INTRODUCTION
A shortage of organic fertilizers necessitates the use of wastes as unconventional fertilizers in agriculture [Mazur 1999 ]. Their diversified properties, depending on the kind of wastes, determine the direction of their environmental application. One of these is fertilization, soil treatment and reclamation of grounds for agricultural purposes [Baran et al 2001] . Municipal wastes contain great amounts of organic matter placing them among unconventional fertilizers, which can play an important role in soil humus balance [Czeka³a 1999; Mazur 2002 ]. Moreover, they reveal considerable differences in their chemical composition, therefore their constant inspection is very important. Diverse properties and the chemical composition of wastes often pose problems with their proper management [Grzywnowicz, Strutyñski 1999] . A measure aiming at an improvement of the disadvantageous features of wastes, e.g. sludges is their composting, as a result of which the fertilizer value of wastes grows. The produced compost may be used as a fertilizer for the soil treatment or the reclamation of landfills, dumping sites or industrial waste heaps, or other degraded areas. The quality of composts originating as a result of municipal waste utilization, is therefore an important factor of their use. Composts should contain nutrients, mainly nitrogen and phosphorus necessary for plants [Chwastowska et al 1993; Gambuoe, Wieczorek 1999] . Potential application of composts for agriculture is among others determined by their heavy metal concentrations which cannot exceed the allowable limits [Rozporz¹dzenie 2002; Norma Bran¿owa 1989] .
The investigations were conducted to assess the effect of urban and industrial wastes on the content and uptake of heavy metals by plants.
MATERIAL AND METHODS
The agricultural usability of urban and industrial wastes was investigated in 2004 -2006 in a pot experiment carried out in the vegetation hall of the Department of Agricultural Chemistry, Agricultural University in Krakow. In the first year of the experiment maize (Zea mays), San c.v. was the test plant, oat grass (Arrhenatherum elatius), Gaza c.v. in the second and oat (Avena sativa), Kasztan c.v. in the third. The experiment was conducted on the soil with the weakly loamy sand texture, pH KCl 4.66, organic C content 11.2g . kg -1 and very low concentrations of available phosphorus and potassium, which were respectively: 3.1mg . kg -1 P and 14.4mg . kg
K. According to the limit heavy metal concentrations the soil used for the experiment revealed the natural content of zinc -36.65mg; copper -3.60mg; nickel -3.60mg; lead 24.70mg and cadmium -0.60mg . kg -1 d.m. [KabataPendias et al 1995].The experimental design comprised 11 treatments differing with fertilizer and the kind of the supplied fertilizer components (Tab.1). The experiment used: mineral salts, farmyard manure, compost, municipal sewage sludge and industrial sewage sludge in two fertilizer doses. Dose I was (g . pot Table 2 . The compost was produced of the plant wastes by Ekokonsorcjum Efekt llc enterprise in Krakow, whereas the sewage sludge originated from the urban-industrial sewage treatment plant "Empooe" in Ooewiêcim. The permissible norms of heavy metals were not exceeded either in the compost or in the sludges, therefore they met the requirements for the fertilizers used in agriculture and for the reclamation of soils for agronomic purposes [Regulation 2002 ].
In each year of the investigations the plant material was dried and the amount of aerial parts and roots dry mass yield was determined [Jasiewicz, Antonkiewicz 2005; Jasiewicz et al 2006]. The concentrations of Zn, Cu, Ni, Pb and Cd in the plant material were assessed after the dry mineralization and ash solution in HNO 3 using the ICP-EAS method [Ostrowska et al 1991] . Also the uptake of the above mentioned metals by the analyzed plant species was computed. The variability coefficients were computed in order to determine the diversification in the content and uptake of the above mentioned metals. Statistical computations were made using the Statistica 7.1 programme. The significance of the differences between the compared mean concentrations of metals in the tested plants were determined by t-Student test. The analysis of variance was conducted on the significance level α≤0.01.
RESULTS
The heavy metal content in the tested plants was subjected to a statistical analysis and presented as a means for the treatments (Tab.2). As results from the analysis, the differences in Cd, Cu, Ni, Pb and Zn content in the plant material proved statistically insignificant. Nonetheless, the heavy metal levels in individual plants fluctuated depending on the dose and the kinds of the applied fertilizer.
Zn concentrations in the test plants, as compared with the other metal, were relatively big, which was due to a large amount of this metal supplied with the fertilizers but also to the highly active uptake of this metal by plants. Zn content ranged between 30.54 and 172.74 mg . kg -1 and was not diversified between individual treatments, the variability coefficient for maize was V=30%, for oat grass V=21% and for oat V=25%. From among the test plants, the oat grass revealed the highest concentrations of Zn, then maize and oat. Oat contained four times less Zn than the oat grass and 1.5 times less than maize. Among the treatments the highest content of Zn in plants was found on the treatment with a double dose (maize, oat) and single (oat grass) dose of industrial sludge (Tab.2). The least quantities of this metal were assessed in the plants obtained from farmyard manure and compost treatments. The increase in Zn content in maize and oat cultivated on a double dose of industrial sludge was 71% and 27% respectively, in comparison with the yields from the control. The Zn content in the oat grass diminished on average by 38% as a result of the applied fertilizers and the organic wastes and on a single dose of the farmyard manure and the double dose of compost even by 50% in relation to the control. The fertilizer effect of the farmyard manure and the compost caused also a decline in Zn concentrations in maize and oat on single doses of these fertilizers, on average by 10% and 30%, whereas on the double dose by 28% and 30% in comparison with the control.
Cu concentrations in plants ranged between 0.36 and 13.45 mg . kg -1 (tab.2). Oat grass revealed a relatively high diversification in this metal content depending on the treatment (V=57%), then maize (V=48%) and oat (V=28%). Like in the case of Zn, Cu concentrations increased in the direction of oat <maize < oat grass. The oat grass contained 6 times more Cu than oat and 4 times more than maize. Definitely the largest amounts of Cu were found in the yield from the treatments where a double dose of industrial sludge was applied, which resulted from high concentrations of this metal in this waste (Tab. 1, 2). In comparison with the control the Cu level increased by 240% (oat grass), 131% (maize) and 5% (oat) under the influence of sludge. The lowest amounts of this element were registered in the yield from the compost treatments (maize) and the farmyard manure (the oat grass, oat).
In this experiment particular attention was paid to higher Ni concentrations in the municipal sewage sludge treatments and the industrial sludge (Tab.2). As reported by Filipek and Olek [2000] Ni in the municipal sludge occurs mainly in a soluble form: ionic and organic chelates easily absorbed by plants. This fact might have affected higher Ni concentrations in the test plants on these treatments. The Ni content in the plants fluctuated between 0.29 and 4.29mg . kg -1 (Tab.2). Maize revealed a relatively high diversification in Ni concentrations (V=51%) depending on the treatment, then oat (V=36%) and the oat grass (V=30%). Among the tested plants the oat grass was characterized by the highest Ni content, maize and oat placed next. The oat grass contained 4 times more Ni than maize and 6 times more than oat. Like in the case of Zn and Cu, the highest content of nickel was registered in the plants from the industrial sludge and the municipal sludge treatment (oat grass, maize). On the treatment where a double dose of industrial sludge was used, the increase in the Ni content in comparison with the control, reached: 180% (maize), 91% (oat grass) and 98% (oat), respectively. This component contained the highest quantities of Ni, hence its high concentration in the oat grass yield (Tab.1). The lowest level of the discussed metal was assessed in the yields of the plants from the farmyard manure treatment (both doses) and from the compost, except for the oat grass fertilized by a single dose of the compost. The farmyard manure used for the experiment caused a decrease in the Ni content in relation to the control, on average by 34% (maize), 21% (oat grass) and 18% (oat).
The Pb content in the plant yield ranged between 0.57 and 6.74 mg . kg -1 , variability coefficient for maize was V=16%, for oat grass V=32% and for oat V=20%. Like in the case of the above mentioned metals, the highest Pb concentrations were found in the oat grass, whereas in maize and oat this metal contents were comparable (Tab.2).
Oat grass contained about 6 times less Pb in comparison with maize and oat. The highest amount of Pb in maize yields, in comparison with the control, were registered on NPK treatments (by 40%) and both doses of compost (by 30%). In the oat grass the Pb content in all the treatments was smaller than on the control on average by 37% and on the farmyard manure treatment even by 65%. On the other hand, a comparison of the treatments with each other shows the highest Pb content in oat grass on treatments with a single dose of the municipal sludge. In oat much higher amounts of Pb were detected on the treatments with the compost and the single dose of municipal sludge. In comparison with the control, the Pb level raised on average by 47% under the influence of the above mentioned compost and the municipal sludge. Accumulation of considerable quantities of Pb under the influence of the sewage sludge fertilization was also confirmed by other authors [Filipek-Mazur et al 2000] .
The Cd content in plants, depending on the treatment, fluctuated from 0.27 to 3.67mg . kg -1 , the variability coefficient for maize was V=26%, for the oat grass V=35% and for oat V=25% (tab.2). Like in the case of Zn, Cu and Ni, the content of Cd was diminishing in the direction of the oat grass > maize > oat. The oat grass contained on average twice more Cd than maize and almost four times more than oat. The highest content of this metal was noted in the industrial sludge treatments (maize) and the municipal sludge treatment (oat grass and oat).On industrial sludge treatment the increase in Cd in comparison with the control was 21% (maize). For the oat grass and oat the applied fertilizers and wastes led to a decrease in Cd concentrations on average by 52% (oat grass) and 44% (oat) in relation to the control. As a result of the farmyard manure activity, the Cd level in the discussed plants was on average 23% lower (maize), 57% (oat grass) and 85% (oat) than in the control.
The quantities of the elements absorbed by plants depended on the amount of the yield and the content of individual metals. The summary uptake of heavy metals per pot ranged between 0.26 and 4.59 mg Zn, 0.10-559.61μg Cu, 3.76-178.72μg Ni, 6.38-227.85μg Pb and 4.04-85.73μg Cd . pot -1 (Fig.1) . Considering the shares of individual plants in the total uptake it was found that the highest metal removal was with the oat grass yield, then the maize yield, whereas the least was removed with the oat yield. The oat grass absorbed 55% Zn, 64%Cu, 60%Ni, 68%Pb and 47%Cd of the total amount of heavy metals. The maize and oat yield removed: 37% and 9% Zn, 29% and 7% Cu, 33% and 7% Ni, 23% and 8% Pb and 44% and 9%Cd, respectively. A relatively considerable diversification in individual metals' removal was characteristic of maize (Zn V=44%, Cu V=53%, Ni V=67%, Pb V=42% and Cd V=22%), then oat (Zn V=44%, Cu V=41%, Ni V=54%, Pb V=36%, and Cd V=37%). The heavy metal removal with the oat grass was not significantly diversified, as evidenced by the computed variability coefficients, Zn V=25%, Cu V=18%, Ni V=29% and Cd V=27% respectively, except for lead (V=41%). The analysis of heavy metal removal depending on the kind and dose of the applied fertilization shows the highest Zn, Cu, Ni and Pb removal with the plant yield on the treatments where a double dose of the industrial sludge was used. The summary increase in Zn, Cu, Ni and Pb uptake by the plants on this treatment in relation to the control was: 147%, 535%, 428% and 153%, respectively. For cadmium the highest removal with the yield was observed on a single dose of the municipal sludge. In comparison with the control the Cd removal with the yield raised by 63%. The smallest removal of the analyzed 
DISCUSSION
It is commonly known that among agrotechnical factors mineral and organic fertilization mainly determines plant's chemical composition [Mazur 1999 [Mazur , 2002 . Both the mineral and the organic fertilization (farmyard manure, compost, sewage sludges) used in the 3-year experiment allowed for an assessment of the effect of the selected fertilizers and the organic wastes on the heavy metal content in various plant species. The use of organic wastes (compost, sewage sludges) for plant fertilization may either positively affect the plant and the soil chemical composition or cause an excessive accumulation of heavy metals in plants. Therefore, application of the above mentioned fertilizer components must be preceded by the analyses of their chemical composition [Rozporz¹dzenie 2002 , Norma Bran¿owa 1989 . Moreover, the waste influence on the plant chemical composition and the physicochemical soil properties should be analyzed. In the presented experiment the fertilizer effect of urban and industrial sewage sludges caused a relatively high concentrations of heavy metals and their removal with the yield of the test plants. Cury³o . Selection of maize, oat grass and oat as the test plants was also caused by a potential utilization of the obtained yield for animal feeds. From the agronomic perspective the application of organic wastes has a major environmental and ecological importance and allows limiting the consumption of mineral fertilizers, whose effects are less beneficial for the environment than the organic fertilizer effects [Mazur 1996 , Siuta, Wasiak 2001 .
CONCLUSIONS
1. Metal concentrations in the test plants were diminishing in the following direction: oat grass > maize > oat.
2. In comparison with other metals, the plants contained the greatest amounts of Zn. The levels of metals looked as follows: Zn > Cu > Pb > Ni > Cd.
3. Relatively highest concentrations of Zn, Cu, Ni, Pb and Cd in plants were registered on industrial sludge treatments, whereas Pb and Cd on treatments with urban sewage sludge.
4. The lowest concentrations of the analyzed heavy metals were assessed in the plants fertilized with the farmyard manure and the compost (Zn, Cu). The fertilizer activity of the farmyard manure caused a decline in the Zn, Ni and Cd content in plants in relation to the control.
5. Among the tested plants the highest quantities of Zn, Cu, Ni, Pb and Cd were removed with the yield of the oat grass, then maize and oat. Of the total amount of heavy metals the oat grass absorbed 55% Zn, 64%Cu, 60%Ni, 68%Pb and 47%Cd.
6. The highest uptake of Zn, Cu, Ni and Pb by plants was registered on a double dose of the industrial sludge and Cd on a single dose of the municipal sludge.
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